ABSTRACT In this paper, we studied the use of polyethylene bubble wrap and corrugated cardboard bark traps to sample spiders inhabiting tree trunks, with special reference to test whether they function the same way despite the differences in the spider community imposed by the different tree species and surroundings and times of sampling. The survey was carried out from July 1997 to July 1998 in Turin, Italy, in a green urban area on three poplars and four American basswoods. Differences between the two methods were tested in terms of abundance, diversity, dominance, mean body length of specimens, and proportion of juveniles, calculating SpearmanÕs correlations. Three-factor analysis of variance, multiresponse permutation procedure, and indicator species analysis were used for further analysis. Results obtained by the two traps were correlated following a similar trend over sampling time. Bubble polyethylene seemed to be more effective than corrugated cardboard at trapping higher number of specimens. The dimension and total amount of interstices and the different microhabitat conditions of temperature and humidity seemed to be the main factors inßuencing spider composition in terms of the selected variables. On the basis of our results, polyethylene bark traps are recommended for sampling spiders living on trees. It is important to consider seasonality in experimental design, autumn being the period with the highest abundance of spiders but a lower level of diversity.
To collect arthropods living or overwintering on tree trunks, several bark traps have been designed (Tamaki and HalÞll 1968, Tedders 1974) . Corrugated cardboard traps proved very effective for collecting spiders and insects (Fye 1985, Mizell and Schiffhauer 1987) . In 1988, Roberts and Roberts wrote a short article to encourage arachnologists to survey the spider fauna of trees "more fully" because "a large part of the often distinctive spider fauna of trees is probably under-recorded, and difÞcult to sample unless special methods are employed." The two authors introduced the use of a different, improved kind of bark trap, made of polyethylene bubble wrap, and found it very useful for quantitative study. As pointed out by the same authors and by Moeed and Meads (1983) some years before, this kind of trap has been rarely used by arachnologists. Marc and Canard (1997) found it useful for assessing the spider fauna of trees. Bogya et al. (2000) used corrugated cardboard bark traps and other sampling methods to study the inßuence of pest management systems on spider communities in apple orchards in Hungary. Other experiments with corrugated cardboard are found in Bogya (1995) , Horvath et al. (2001) , and Pekar (1999) . No experiments with polyethylene bubble wrap have been found in literature except the short note of Roberts and Roberts (1988) mentioned above.
According to Pekar (1999) , it seems that the main factors inßuencing the composition of tree trunk spider fauna are the bark structure of the trees (smooth or rough), the sampling season (some species prefer tree trunk for overwintering and other species do not), and human disturbance (especially considering the effect of spraying pesticides in orchards).
As pointed out by Churchill and Arthur (1999) , to obtain statistically and ecologically meaningful data, and to maximize the size of the sample for biodiversity assessments of spider fauna, the relative efÞciency of different sampling methods and the effects on different spatial and temporal scales needs to be quantiÞed for a variety of habitat types, such as urban areas and canopy, than the better known tropical rainforests and northern temperate ones.
In this paper, we studied and compared the use of polyethylene bubble wrap and corrugated cardboard bark traps to sample spiders inhabiting tree trunks, with special reference to test whether they function the same way despite the differences in the spider community imposed by the different tree species and surroundings and time of sampling.
Materials and Methods
Study Area. The survey was carried out from July 1997 to July 1998 in Turin, Italy, in a green urban area of Ϸ18 ha on seven trees: three poplar (Populus italica Duroi) and four American basswood (Tilia americana L.). These two species present two easily distinguishable bark types: the Þrst has a very rough bark and the latter a smoother one. The height of the poplars was Ϸ30 m and height of the basswoods was Ϸ10 m. The basswoods were part of a pedestrian tree-line avenue close to a car parking lot, and the poplars were in a row along a wall that separates a nonpaved road from a wheat Þeld.
A polyethylene bubble wrap bark trap (PB) and a corrugated cardboard one (CC) were tied around a branch of each tree, 4 Ð5 m from the ground using a tape for the Þrst and a twine for the second ones. Bark traps were made with a double strip of material (corrugated cardboard or polyethylene bubble wrap) 20 Ð25 cm wide and 40 cm long. A similarsized strip of black polyethylene was placed on the outer side of each polyethylene bubble wrap trap to exclude light. The diameter of the "tunnels" of the corrugated cardboard was 0.3 cm and each tunnel was 0.3 cm from the adjacent one; bubbles of wrapping polyethylene were 0.9 cm diameter, and the mean distance between bubbles was 0.6 cm, ranging from 0.3 to 1 cm.
Traps were removed once a month in winter and once every 15 d in the other seasons for a total of 7 trees ϫ 20 sampling events ϫ 2 methods ϭ 280 samples. Once removed, the traps were put in a bag saturated with ether to kill specimens and replaced with fresh traps at the same place on the trees. Traps were dissected and carefully examined under a stereomicroscope to remove specimens. In a few cases, bad weather conditions damaged the traps; in this case, data were considered not valid and not included in the data analysis. Spiders, preserved in alcohol 70%, were examined under a stereoscope up to ϫ40 and identiÞed whenever possible at species level. Voucher specimens are stored at Dipartimento di Valorizzazione e Protezione delle Risorse Agroforestali (DI.VA.P.R.A.), of Turin University. Nomenclature follows Platnick (2005) .
Data Analysis. All statistical analyses were made considering the nine most abundant spider species, which constituted Ͼ90% of all spiders collected over 1 yr. These were as follows: Philodromus spp., Clubiona spp., Salticus zebraneus (C. L. Koch, 1837), Moebelia penicillata (Westring, 1851), Cheiracanthium mildei L. Koch, 1864, Scotophaeus sp., Anyphaena accentuata (Walckenaer, 1802), Nuctenea umbratica (Clerck, 1757), and Micaria albovittata (Lucas, 1846) . In the species matrix thus obtained, we added Þve summary variables as follows: N (total number of individuals), SF (total number of families), DOM (Berger and Parker index of dominance), DIM (mean length of the adult and subadult specimens trapped), and JUV (proportion of immatures specimens in the sample). The index of Berger and Parker (1970) is a simple intrinsic diversity index based on the proportional importance of the most abundant species, tending to 0 when species are equally distributed and reaching 1 when one species dominates the sample. DIM represents the mean overall length along the body of the specimens. Values of body length were measured with a straight edge ruler under the stereomicroscope at ϫ25.
We calculated SpearmanÕs correlation coefÞcients between each pair of variables to check if the metrics obtained by the two methods were related.
After checking for the normality and homoscedasticity of distribution of data, we applied a threefactor ANOVA to study the interactions between the sampling methods and two other factors, "seasonality" and "tree species." The null hypothesis was that the two methods were equivalent and that the two other factors do not affect them differentially. The ANOVA was performed using the software SPSS version 12.0.1 (SPSS 2004) , with the type of trap as the main plot factor and plant species and seasons as the subplot factors. Variables N, S, and DIM were log 10 (x ϩ 1) transformed, whereas JUV and DOM were arcsine transformed to control heterogeneity of variance. All variances referring to each variable resulted statistically homogeneous after F test (all F values Ͻ F crit; ␣ ϭ 0.05; df 1 ϭ 130; df 2 ϭ 130; F crit ϭ 1.33). A level of signiÞcance of ␣ ϭ 0.05 was used for all analyses.
We tested differences in terms of community composition by multiresponse permutation procedure (MRPP) (Mielke 1984, Mielke and Berry 2001) , a class of multivariate permutation tests of group differences that offers vast improvement over the traditional analysis of variance (ANOVA)-based tests in terms of robustness under non-normal data and heterogeneous error variances (as is often the case with data on species abundance). We tested the hypothesis of no difference between matrices grouped on the basis of the three different factors used in the univariate analysis (trap type, plant species, and seasonality). MRPP was performed with the software PC-ORD version 4 (McCune and Mefford 1999), using Sørensen distance as the distance measure between matrices. We described indicator values of individual species for each of the above mentioned groups with the indicator species analysis (ISA) of Dufrene and Legendre (1997) .
Results
A total of 262 valid samples was gathered; 1,245 spiders were collected, belonging to 13 families and 27 species. A total of 711 spiders were captured in polyethylene bubble wrap and 667 in corrugated cardboard. Immature specimens (subadults) of Philodromus spp. (53%) and Clubiona spp. (20%) were the most abundant, followed by Salticus zebraneus (7%) and Moebelia penicillata (6%). The mean number of spiders per poplar was 118.3 and 74.3 for polyethylene bark trap and corrugated cardboard, respectively, and on basswoods, the mean was 89.0 and 77.7 for polyethylene and corrugated cardboard, respectively. In total, polyethylene trapped a mean of 101.5 spiders per tree compared with 76.3 for corrugated cardboard. Total and mean per trap are shown in Table 1 , and the list of the species found is shown in Table 2 (nomenclature follows Platnick, 2005) . The temporal trend of the numbers of spider caught in the two different traps was similar, recording a noticeable peak in autumn (Fig. 1) . A total of 1,105 of 1,255 spinders were immature specimens (672 collected with PB and 433 with CC), 100 were adult females (36 PB and 64 CC), and 50 were adult males (10 PB and 40 CC). Seventy-Þve percent of immatures were subadults, mainly Philodromids belonging to the genus Philodromus. A small number of adults, mainly Linyphiids (Moebelia penicillata) and Salticidae (Salticus zebraneus), were found in spring and late summer (Table 2) .
Philodromids largely dominated the samples, followed by Clubionids and Miturgids (once grouped into one single family). Both families were more abundant in polyethylene than in corrugated cardboard traps (56% versus 43% and 26% versus 23%, respectively), and Linyphiids and Salticids were most abundant in corrugated cardboard (11% versus 2% and 11% versus 6%, respectively; Fig. 2 ). Philodromids were the most abundant spiders in both tree species. Salticidae and Clubionids were more abundant on basswoods than poplars, whereas several families (Linyphiids, Miturgids, Gnaphosids) showed strong preferences for poplars.
SpearmanÕs correlation showed highly signiÞcant correlations between the two methods for the selected variables, with the exception of JUV (Table  3) . The results of the factorial ANOVA are reported in Table 4 . The two kinds of bark traps were sampled for each of the following variables: N (number of individuals), SF (number of families), DIM (average length of spiders), and JUV (proportion of juveniles). As expected, all these variables varied signiÞcantly across the seasons and according to the plant species (basswood or poplar), but interactions among factors were never signiÞcant. Dominance (DOM) was signiÞcantly different between seasons and between plants, whereas no differences were found between methods because the ANOVA shows no interactions; simple means and errors are shown in a bar graph that shows the differences between the methods (Fig. 3) .
The results of MRPP applied to spider assemblage composition deÞned by the three factors are reported in Table 5 . Because the spider assemblage differed signiÞcantly among the four sampling seasons, we reran the MRPP separately for each season to see the effect of two other sampling factors: the kind of trap and the tree species. The traps sampled different spider assemblages only in autumn, whereas in spring and summer, the two plant species contained signiÞcantly different assemblages and were signiÞcantly different according to plant species. Results of ISA are reported in Table 6 Scotophaeus sp., a nocturnal Gnaphosid, was an indicator of summer, poplars, and polyethylene. The nocturnal Miturgids Cheiracanthium mildei and the Clubionids Clubiona sp. showed different results, the former being an indicator of polyethylene traps and poplars, whereas the latter showed a seasonal preference for autumn. Salticus zebraneus, a diurnal species, was the only indicator of traps placed on basswoods, and it was also a signiÞcant indicator for spring. Philodromus sp., a nocturnal wanderer, was a signiÞcant indicator for autumn and for polyethylene traps. Moebelia penicillata, a small Linyphiid, was the only indicator species of corrugated cardboard traps and was collected most frequently on poplars.
Discussion
Results of Bogya et al. (2000) and Pekar (1999) with corrugated cardboard traps in fruit orchards were similar to our Þndings in terms of number of species and families and mean values of spiders/ traps (see Table 1 ). Despite sampling only in autumn and winter, Bogya et al. (2000) recorded 17 species and 9 families with mean values of spiders/ traps ranging from 4.60 to 25.60 and Pekar (1999) recorded 27 species and 11 families with mean values of 10 Ð30 spiders/traps.
Results that we obtained by the two methods were correlated following a similar trend throughout sampling time. However, polyethylene bubble wrap trapped higher numbers of specimens than corrugated cardboard (Tables 1 and 4) . All the correlations ob- served were signiÞcant with the exception of proportion of juveniles (JUV). The two traps may offer different microhabitat conditions to overwintering spiders, most of which are immature. Spider fauna living on poplars seemed in general to be more abundant and diverse than the fauna living on basswoods, but this interpretation could be biased by an immigration effect from bordering habitats caused by the wheat Þeld close to poplars. Despite this possible effect, the bark of poplars is rougher than that of basswood, offering more refuges for spiders living on tree trunks. Mean number of spiders per tree differed signiÞcantly, being lower on basswood. Similarly mean spiders/trap were lower on basswood, except for the corrugated cardboard traps, where values were more comparable.
The size and total amount of interstices and the different microhabitat conditions of temperature and humidity seemed to be the main factors inßuencing spider composition in terms of the selected variables. The dimensions could be related to the number of specimens (N), to mean dimension (DIM) and diversity (SF) of spiders trapped, whereas the microhabitat could have a major role in overwintering of juvenile spiders.
MRPP conÞrmed the Þndings of Pekar (1999) about seasonality being a major factor inßuencing spider assemblages found in bark traps (Table 5 ). The greatest number of spiders were collected in autumn and winter, conÞrming the role of bark in overwintering. Almost all spiders sampled in autumn and winter were juveniles; therefore, there is possible usefulness of bark traps to evaluate the consistency of spider assemblages. This could be important, particularly in agro-ecosystems, because of their role as predators in the trophic chain. The type of trap inßuenced the sampling mainly in autumn, when spiders start looking for places to overwinter. However, bark roughness inßuenced the presence of certain species mainly in spring and weakly in summer. In these seasons, the main factor determining spider behavior could be the abundance and diversiÞcation of prey connected to growth stage of the tree.
ISA showed that the indicator species in autumn are overwintering spiders (Clubiona sp. and Philodromus sp.) that choose bark traps or rough bark to overwinter. The only indicator species for spring is the only strongly photophilic Salticus zebraneus found on basswoods (actually Salticids are spring stenocronous). However, Scotophaeus sp., a nocturnal species, is found in summer abundantly on poplars in search of daytime refuges among the rougher bark of poplars or more frequently on larger shelters of polyethylene traps. ISA showed that the two types of traps sampled different species assemblages: polyethylene, with wider refuges among bubbles, seemed to be preferred by larger spiders, such as Philodromus sp. and Cheiracanthium mildei. However, corrugated cardboard was chosen by the smallest spiders Ͻ1.5 mm in length. Based on our results, polyethylene bubble wrap bark traps are recommended for sampling spiders living on trees. Seasonality should be considered in an experimental design, autumn being the period with the highest abundance of spiders but a lower level of species diversity. A good sampling design should include at least spring (to sample species diversity) and autumn (to sample overwintering spiders). In temperate regions, where the range of spider size is quite wide, an effective sampling design should include both trap types; at lower latitudes where small spiders like Linyphiids are dominant, corrugated cardboard should be used for sampling.
Because these traps function by providing a refuge for spiders, additional research may be worthwhile to evaluate their potential as a habitat manipulation for spider species involved in biological control of insect pests. 
